To discover the details of the eŠects of magnesium (Mg) deˆciency on kidney function, the course of changes in N-acetyl-b-D-glucosaminidase (NAG) activity in the urine and in urinary albumin excretion were examined in rats fed a Mg-deˆcient diet. NAG activity in the urine and urinary albumin excretion in rats fed the Mg-deˆcient diet signiˆcantly increased from 7 d until the end of the feeding period. We suggest that Mgdeˆcient diet rapidly induces kidney function insu‹ciency.
Magnesium (Mg) is one of the essential minerals for living organisms, and plays an important role in many fundamental biological processes. It is known that Mg deˆciency aŠects the metabolism of several minerals. [1] [2] [3] [4] [5] One of the typical eŠects of Mg deˆcien-cy on mineral metabolism is induction of kidney calciˆcation. Rats fed a Mg-deˆcient diet develop an increase in calcium (Ca) and phosphorus (P) concentrations in the kidney by chemical analysis, and kidney calciˆcation by histological examination. [6] [7] [8] [9] It might be inferred from theseˆndings in previous studies [6] [7] [8] [9] that Mg deˆciency not only induces kidney calciˆcation but also diminishes kidney function. With regard to the eŠects of Mg deˆciency on kidney function, the previous studies 10, 11) suggest that rats fed the Mg-deˆcient diet may have depressed kidney function. However, only a few attempts have so far been made to assess the eŠects of Mg deˆciency on kidney function. Namely, the eŠects of Mg deˆciency on kidney function have until now only been understood superˆcially. To discover the details of eŠects of Mg deˆciency on kidney function, we investigated the courses of changes in N-acetyl-b-D-glucosaminidase (NAG) activity in the urine and urinary albumin excretion in Mg deˆcient rats, since NAG activity in the urine and urinary albumin excretion are important as biochemical indicators of kidney function.
Four-week-old female Wistar rats (Clea Japan, Tokyo, Japan) were housed in individual stainlesssteel cages. During the experiment, the rat cages were located in a room with controlled lighting on a 12-h light:dark cycle (light, 0800-2000 h), temperature (22±19 C), and relative humidity (60-65z). The compositions of the experimental diets are shown in Table 1 . The experimental diets were prepared according to the AIN-76 guidelines, 12, 13) but the mineral mix was a modiˆcation of AIN-76 mineral mix without magnesium oxide. The Mg level in the experimental diets was adjusted to either a control level (control diet) or to a deˆcient level (Mg-deˆcient diet) by using magnesium oxide. The Mg level as measured from an analysis of the experimental diets is shown in Table 1 . All experimental diets were stored at 49 C until use. For a 7-d acclimation period before initiation of the studies, all rats were given free access to the control diet and demineralized water. After the acclimation period, the rats were divided into two groups of six rats each, having a similar mean body weight. Each group was assigned one of the experimental diets. Rats were given free access to the experimental diets and demineralized water for 14 d. At the end of the experiment, the rats were killed by exsanguination from the carotid artery. Rats were housed individually in stainless-steel metabolism cages and urine was collected for 24 h from each rat at 7, 10, and 14 d. The kidney was removed and weighed after the renal capsule was discarded. The kidney was dried overnight at 1009 C, and the dry weight was measured. The kidney and experimental diets were ashed at 5509 C for 48 h and the minerals were extracted in 1 mol W L HCl solution for analysis. Ca and Mg were analyzed using atomic absorption spectrophotometry (Hitachi A-2000).
14) P was analyzed by the method of Gomori. 15) Creatinine in the urine was measured with a Creatinine-Test Wako kit (Wako Pure Chemical Industries, Osaka, Japan). The NAG activity in the urine was measured with an NAG Test Shionogi kit (Shionogi & Co., Osaka, Japan). Albumin in the urine was measured with Panatest Rat Albumin kit (Panapharm Laboratories Co., Kumamoto, Japan). The kidney and urine were stored at "409 C until chemical analysis. This study was approved by the Tokyo University of Agriculture Animal Use Committee, and the animals were maintained in accordance with the guidelines for the care and use of laboratory animals of Tokyo University of Agriculture. Data are presented as means±SE. Statistical analysis was done by Student's t-tests. DiŠerences between two groups were considered signiˆcant when the P value was º0.05.
Final body weight and food intake were not signiˆcantly diŠerent between the two groups (data not shown). Wet and dry of the kidney weight were signiˆcantly increased in rats fed the Mg-deˆcient diet as compared to rats fed the control diet (Table 2) . Ca, Mg, and P concentrations in the kidney were signiˆcantly increased in rats fed the Mg-deˆcient diet as compared to rats fed the control diet ( Table 2 ). The Mg-deˆcient diet feeding had no signiˆcant in‰uence on the urinary creatinine excretion (Table 3) . NAG activity in the urine and urinary albumin excretion signiˆcantly increased at 7 d, and did not change until the end of the feeding period in rats fed the Mgdeˆcient diet (Table 3) .
With regard to the onset time of renal tubular injury in the kidney by Mg-deˆcient diet, histological examination has been used in some studies. On the other hand, no studies have yet been done to measure the onset time of renal tubular injury by Mg-deˆcient diet using biochemical indicator. Accordingly, we assessed renal tubular injury using NAG activity in the urine as a biochemical indicator, because the increase in NAG activity in the urine is induced by renal tubular injury. This study showed that after the start of feeding of the Mg-deˆcient diet, NAG activity in the urine was increased at 7 d. This result indicates that renal tubular injury was induced in rats fed the Mgdeˆcient diet, and the injury is induced within 7 d by Mg-deˆcient diet feeding. With regard to the onset time of renal tubular injury by the Mg-deˆcient diet, within 12 h after the start of feeding of the Mgdeˆcient diet, electron-dense granules were found in the brush border of the proximal tubules in cortex and corticomedullary junction. 8 ) Kidney calciˆcation appears in the inner stripe of the outer zone of the medulla in rats fed the low Mg diet within 4 to 6 d. 6) After the Mg-deˆcient diet feeding, mitochondrial swelling was found in the distal segment of the proximal convolution in inner cortex at 3 d, and necrosis of epithelia in the distal segment of the proximal convolutions were encountered, and calcium deposits were observed in necrotic cells at 9 d. 16 ) Indeed, our nding supports the results of previous studies. 6, 8, 16) Namely, the results in our study of biochemical indicators demonstrated that intake of a Mg-deˆcient diet rapidly induces renal tubular injury.
Urinary albumin excretion in rats fed the Mg-deˆcient diet increased from the 7th d of the feeding period. It is known that an increase in urinary albumin excretion occurs as the result of a defect in the glomerular permeability. 17) Increased urinary albumin excretion by the Mg-deˆcient diet in this study may have indicated glomerular permeability insu‹ciency. Furthermore, the increase in urinary albumin excretion may be related to the proximal tubular function, since albumin reabsorption occurs mainly in the proximal tubules. 18) This study demonstrates that renal tubular injury was induced in rats fed the Mg-deˆcient diet. The results suggest that the renal tubular injury induces diminished proximal tubular function, and diminished proximal tubular function leads to an obstruction of proximal tubular albumin reabsorption. We suggest that increased urinary albumin excretion caused by the Mg-deˆcient diet may be due to diminished glomerular permeability and proximal tubular function. Additionally, from our results, we suggest that diminished kidney function is rapidly induced in rats fed the Mg-deˆcient diet.
With regard to the eŠect of Mg-deˆcient diet on glomerularˆltration rate (GFR), the previous study 11) reported that creatinine clearance was not changed in rats fed the Mg-deˆcient diet, indicating that the Mg-deˆcient diet may not have aŠected GFR. Furthermore, it may be inferred from the results concerning creatinine clearance and urinary albumin excretion that a Mg-deˆcient diet has a greater eŠect on glomerular permeability than GFR, however we should investigate this point more carefully.
In conclusion, NAG activity in the urine and urinary albumin excretion in rats fed the Mg-deˆcient diet increased from 7 d until the end of the feeding period. This study suggests that a Mg-deˆcient diet rapidly induces kidney function insu‹ciency.
